Objective: To investigate the long-term risk of Parkinson disease (PD) after depression and evaluate potential confounding by shared susceptibility to the 2 diagnoses.
Depression is more common in patients with Parkinson disease (PD) than in the general population. 1, 2 It is a major factor for health-related quality of life in patients with PD, and may also be associated with more rapid deterioration in cognitive and motor functions. 3 Many studies have reported an increased prevalence of depression in these patients before the clinical onset of PD, suggesting that psychological reactions to this disease cannot entirely explain the relationship. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Various neurobiological hypotheses have suggested that depression is an independent risk factor or early symptom of PD, or that the association between depression and PD reflects shared etiologic factors, mimicking a causal relationship. 12, 15, 16 An increased prevalence of mental illness among relatives of patients with PD has also been reported, 15 suggesting a shared genetic susceptibility, but such associations have not been widely investigated.
The relationship between depression and subsequent PD appears to be strongest in the few years preceding the onset of motor symptoms, [11] [12] [13] but it may exist earlier. 5, 12, 13 Few studies have investigated temporal perspectives of .10 years, and long-term findings have been inconclusive. 6, 12, 14 The onset of cardinal motor symptoms in PD is preceded by substantial neurodegeneration, 17, 18 but the duration of the prodromal phase is unknown; estimates range from a few years to 2 or more decades. 19 Better knowledge of time perspectives and features of the association between depression and PD could improve the ability to understand the underlying etiology, which would be of great value given the impact of depression on quality of life and clinical outcomes in patients with PD. 3 In the present study, we investigated longterm associations between depression and subsequent PD and evaluated potential confounding familial factors. We used a nationwide cohort of 3.3 million participants, including .140,000 cases of depression, and 25 years of reliable registry data for continuous follow-up to evaluate time perspectives in a nested casecontrol (NCC) cohort and familial factors in a subcohort of .540,000 full-sibling pairs.
METHODS Study population. The cohort considered for inclusion in the present study consisted of all Swedish citizens aged $50 years as of December 31, 2005 (n 5 3,329,400). Unique personal identification numbers were used to obtain information from the registers listed below. Diagnoses for the periods 1987-1997 and 1998-2012 were coded according to the Swedish versions of the ICD-9 and ICD-10, respectively.
Diagnoses of depression (ICD-9 code 311, ICD-10 code F32 or F33) and PD (ICD-9 code 332A, ICD-10 code G209) between January 1, 1987, and December 31, 2012, were acquired from the National Patient Register (NPR), 20 administered by the Center for Epidemiology of Sweden's National Board of Health and Welfare. This register has provided records of all public inpatient care in Sweden since 1987 and all specialist health care since 2001, where date of diagnosis corresponds to date of discharge from hospital or date of medical consultation for inpatient and outpatient diagnoses, respectively. In general, diagnoses recorded in the NPR have shown a high degree of validity, with positive predictive values of 85% to 97%, 21 and in 2006, only 1% of all medical consultations/inpatient care events covered by the NPR had no main diagnosis registered. 20 Information about deaths was obtained from the National Cause of Death Register. 22 During the study period, 25,079 (0.8%) participants in the cohort were diagnosed with PD and 142,460 (4.3%) participants were diagnosed with depression with no prior diagnosis of PD. An NCC cohort was drawn, including all participants diagnosed with depression not preceded by PD and 3 controls, matched by sex and year of birth, per case. If any control subject within a matched group was diagnosed with PD before the date of enrollment (date of first depression diagnosis registered for the matching case), the whole group was excluded from analysis. Control participants who had died before the date of enrollment were excluded and replaced through a new matching process. After 5 attempts, all but 346 of these control participants had been replaced by another nondepressed subject, alive and free of PD at the date of enrollment. This left 140,688 cases of depression and 421,718 matched control participants who were included in the final NCC cohort (figure 1).
Sibling cohort. To investigate potential familial associations between depression and PD, a subcohort of sibling pairs was formed using the Swedish Multi-Generation Register, 23 with family linkage information available for participants born in 1932 or thereafter. Selection was confined to full siblings and, to ensure that no subject was included twice in the analyses, one pair of siblings from each family was drawn; the final subcohort comprised 540,811 sibling pairs, where one sibling from each pair was included as index person in the analyses.
Additional covariates. To adjust for other conditions related to depression [24] [25] [26] [27] [28] [29] that could potentially moderate an association between depression and PD, diagnoses of traumatic brain injury (ICD-9 codes 850-853, ICD-10 code S06), stroke (ICD-9 codes 431 and 434, ICD-10 codes I61-I64), alcohol dependency or abuse (ICD-9 codes 303 and 305A, ICD-10 code F10), drug dependency or abuse (ICD-9 codes 304 and 305X, ICD-10 codes F11-F19), and diabetes (ICD-9 code 250, ICD-10 codes E10 and E11) were acquired from the NPR and included in analyses if registered before the date of enrollment (in the NCC cohort) or with no preceding diagnosis of depression or PD (in the sibling cohort). Information about participants' education level (low, #9 years of primary or vocational school; high, university or $3 years of secondary school) was obtained from the Statistics Sweden database, and was available for 98.7% of participants.
Standard protocol approvals, registrations, and participant consents. PD (x 2 5 42.4, p , 0.001). Therefore, this association was further evaluated using a flexible parametric Royston-Parmar model 30 with 3 degrees of freedom to investigate the association between depression and PD in the NCC cohort. The goodness of fit for the model was evaluated based on the Akaike information criterion. In addition to this graphic method, a conditional logistic regression model was used to investigate the odds ratios (ORs) for PD in different time intervals during the follow-up period. All models were adjusted for age, sex, education level, and comorbid diagnoses. The binary logistic regression analyses performed in the sibling cohort additionally included siblings' diagnoses of PD and depression as independent variables. Analyses were performed for the total sibling cohort and separately for same-sex sibling pairs.
To estimate the risk of PD in relation to the severity and duration/ recurrence of preceding depression, we performed subgroup analyses including variables for inpatient (defined as any hospitalization for depression) vs outpatient care among participants first diagnosed with depression in 2001-2012, and for recurrent hospitalizations (.90 days after previous hospitalization) during the entire study period, respectively, in binary logistic regression models. Potential interactions between depression and other covariates were investigated by the stepwise inclusion of interaction terms in the logistic regression models described above.
RESULTS
The final NCC cohort consisted of 562,631 participants (61.6% women) with a median age of 62.9 years at enrollment, and a median follow-up time of 6.8 (range, 0-26.0) years. In total, 3,260 (0.5%) participants were diagnosed with PD at a median of 4.5 (range, 0-24.9) years after enrollment; this group comprised 1,485 (1.1%) participants with depression and 1,775 (0.4%) control participants (p , 0.001) Diagnoses of diabetes, stroke, traumatic brain injury, and alcohol abuse were more common among participants with depression than among control participants, whereas high education level was less common (all p , 0.001; table 1). Estimated by flexible parametric survival analysis, the risk of PD was higher among participants with depression than among control participants; this association weakened over time but remained significant during the entire follow-up period (figure 2). These results were confirmed by conditional logistic regression for different time intervals, with ORs decreasing from 3.21 (95% confidence interval [CI], 2.50-4.11) within 1 year of enrollment (excluding a lag time of 3 months) to 1.47 (95% CI, 1.08-2.00) after 15 to 25 years (table 2) . Separate analyses for men and women yielded similar results, and no significant interaction between depression and other covariates (education level, comorbid diagnoses) was found regarding the risk of PD.
Among participants first diagnosed with depression between 2001 and 2012 (n 5 111,001), the risk of PD was higher among those hospitalized for depression (OR, 3.46; 95% CI, 2.94-4.08) than among those who received only outpatient care. Among participants ever hospitalized for depression between 1987 and 2012 (n 5 85,738), the risk of PD increased with the number of care events (OR, 1.26; 95% CI, 1.12-1.41 for 2-4 hospitalizations; OR, 1.41; 95% CI, 1.06-1.87 for $5 hospitalizations, compared with a single care event; table 3).
In the sibling cohort, which consisted of 540,811 sibling pairs, 20,413 (3.8%) index persons were diagnosed with depression (with no prior diagnosis of PD) and 2,302 (0.4%) were diagnosed with PD; 21,403 (4.0%) index persons had siblings diagnosed with depression and 2,435 (0.5%) had siblings diagnosed with PD (table 1). PD was more common among participants diagnosed with depression (OR, 1.76; 95% CI, 1.48-2.09) and in those with siblings diagnosed with PD (OR, 1.91; 95% CI, 1.27-2.87), whereas siblings' depression was not associated with the risk of PD in the index persons (OR, 1.11; 95% CI, 0.91-1.36). Analysis of only same-sex sibling pairs did not substantially change these results (table 4) . DISCUSSION The key finding of this study is a distinct relationship between depression and a subsequently increased risk of PD; this association weakened over time, but remained significant during a follow-up period of more than 2 decades. The timedependent effect, dose-response relationship to severity and recurrence of depression, and absence of evidence for familial confounding all support a direct association between the 2 diagnoses. Taken together, our findings indicate that depression is an early prodromal symptom of PD or a causal risk factor.
Our results are consistent with a growing body of evidence for the relationship between depression and subsequent PD, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and the present study contributes to this evidence with strong, prospective, long-term data. One recent study 13 reported a similar, significant association over a 10-year period, but investigations covering more than a decade of follow-up are rare Table 3 Risk of PD in relation to estimated severity and recurrence of depression, assessed by binary logistic regression and results have been inconclusive. 6, 12, 14 One study based on retrospective data for a period of .15 years 12 found a significantly increased risk of PD among participants with depression for all time intervals investigated. In contrast, associations found in smaller studies 6, 14 lost significance at lag times of 2 and 5 years, respectively, after the onset of depression. The substantial statistical power of the present study is a likely reason for the observation of significant differences in time intervals, whereas most previous studies have documented only trends. The persistence of the association during the entire follow-up period highlights the importance of investigating potential risk markers for PD from a long-term perspective, and may be a finding of significance in clinical practice; the increased risk of PD among patients with a long history of depression should be considered when other symptoms attributable to PD arise. Several mechanisms could explain the association between depression and subsequent PD. First, depression and/or drugs used as antidepressive treatment could increase the risk of PD. In the present study, the dose-response relationship between severity and recurrence of depression and subsequent risk of PD indicates a direct relationship, but the prodromal timeline of PD is still indefinite and depression could not be verified to actually precede the onset of PD pathology. Thus, a second plausible explanation is that depression is an early symptom appearing in the prodromal phase of PD, which may begin decades before clinical onset, 19 but reliable evaluations of temporal aspects have been limited because of a lack of continuously collected prospective data. The tendency of persistence or recurrence of depressive symptoms arising from a progressive degenerative disease is reasonable and could explain the dose-response associations between severity and recurrence of depression and risk of PD in the present study. Similarly, a recent study 13 reported that difficultto-treat depression, defined by a change in medication, was a risk marker for PD. Moreover, the time-varying strength of the association between depression and PD is probably best explained by this hypothesis; subtle deficits may be present for decades but are not necessarily overt until shortly before the onset of motor symptoms.
A third hypothesis is that depression and PD are independent of each other, but share genetic and/or environmental etiologic factors. Increased prevalence of mental illness has been reported among relatives of patients with PD, 15 supporting this theory. If the 2 diseases were independent of one another, but caused by the same genetic or early environmental factors, we would expect coaggregation of both diagnoses within sibling pairs. One previous study involving siblings produced no significant finding. 14 Similarly, despite a considerably larger dataset, the present study provided no evidence of familial confounding. The association was also not explained by interaction from comorbid conditions in the present cohort, further supporting the independence of the association between depression and subsequent PD.
The main strengths of the present study are the large, population-based dataset, which provided exceptional statistical power over a long follow-up period, and the prospective registration of diagnoses, avoiding recall bias and providing reliable data for temporal analyses. The availability of information for family linkage allowed us to assess confounding by shared susceptibility, which has rarely been investigated before and also avoided recall bias.
Some limitations of the present study should be noted. First, diagnoses obtained from registries were not clinically confirmed for the study. However, the accuracy of diagnoses listed in Swedish registries has been found to be high. 21 All diagnoses included in the study were registered in the course of specialist health care, and cases of depression and PD treated in primary health care contexts, probably milder cases, may have been missed. Neither could diagnoses before the nationwide registration began be captured. Because the study was restricted to depression, and did not include other psychiatric diagnoses associated with PD and depression, such as anxiety, 6,14,31-33 bipolar disorders, 31 and schizophrenia, 31 patients with depressive symptoms secondary to other psychiatric disorders may have been missed. However, it should be noted that missed diagnoses or incorrect diagnoses would likely widen the standard errors and attenuate the associations between depression and PD toward zero. 34 Second, we did not have access to information about drugs prescribed, preventing evaluation of the potential role of substances used in antidepressive treatment as risk factors for PD. Besides antidepressives and mood stabilizers, antipsychotic drugs may also be used to treat depression, 35, 36 and there are indications that drug-induced parkinsonism may be a risk factor for later development of PD. 37 However, many factors may affect the choice of treatment for depression, meaning that reliable examination of whether different treatment options affect the risk of PD was beyond the limits of this observational study. Third, no data on smoking habit, a factor strongly associated with the risk of PD, were available. However, the possible interaction between smoking and depression in the context of PD has previously been investigated, with no significant finding. 12 Our findings suggest a direct association between depression and subsequent PD, supported by a time-dependent hazard ratio, a dose-response pattern for recurrent depression, and a lack of evidence for coaggregation among siblings. Given that the association was significant over more than 2 decades of follow-up, depression may be a very early prodromal symptom of or a causal risk factor for PD. AUTHOR CONTRIBUTIONS P.N. and A.N. conceived the idea for the study. H.G. compiled and analyzed the data, and made initial drafts of tables and figures with input from P.N. H.G. led the writing of the manuscript with contribution from all other authors.
